generations from emerging crop diseases and vulnerabilities. Preservation of the cultivars, landraces, and wild relatives of important plant species provides a basic foundation to promote and sustain agriculture. It protects mankind from future, and many times unforeseen, crop vulnerabilities, thus protecting future food, feed, and fi ber supplies. Preserved genetic resources will supply plant breeders, farmers, and other agricultural scientists with the genetic materials to develop new crop cultivars and hybrids that secure future food, feed, and fi ber supplies.
The value of germplasm, already collected and conserved, is greatly appreciated with reference to agro-biodiversity and searching for new sources of useful genes. In the recent history of the world, governments, individual organizations, and institutions have realized the importance of genetic resources and organized eff orts for storage, maintenance, propagation, and collection through explorations of many plant species and their wild relatives in gene banks or germplasm collection centers around the world. The importance of genetic resources was recognized at the intergovernmental platform under the Food and Agriculture Organization of the United Nations (FAO) as the "common heritage of mankind" which should be made available without restriction (FAO, 2009) . The value of germplasm collections is now well recognized with the International Treaty on Plant Genetic Resources for Food and Agriculture implemented on 29 June 2004. The objectives of this Treaty are "the conservation and sustainable use of plant genetic resources for food and agriculture and the fair and equitable sharing of the benefi ts arising out of their use, in harmony with the Convention on Biological Diversity, for sustainable agriculture and food security."
Intensive plant breeding programs of many crop plants have capitalized on genetic resources and germplasm collections to develop improved genotypes with signifi cant gains in yield. These intensive hybridization and selection plant breeding programs have also unintentionally narrowed the genetic base and increased genetic vulnerability of many of the world's most important crops. A few examples of serious crop vulnerabilities resulting from the combination of disease outbreak and increased genetic uniformity include threats to potato (Solanum tuberosum L.), grapevine (Vitis L.), banana (Musa acuminata Colla), and maize (Zea mays L.). The Irish potato famine of the 1840s resulted because the potato crop was completely devastated from leaf blight disease [Phytophthora infestans (Mont.) de Bary] due to the uniformity of susceptible potato varieties grown (Ramanatha Rao and Hodgkin, 2002) . Panama disease, commonly known as Fusarium wilt of banana [Fusarium oxysporum Schltdl.:Fr. f. sp. cubense (E. F. Sm.) W. C. Snyder & H. N. Hansen], nearly devastated the banana industry worldwide in the 1950s due to the uniform production of susceptible cultivars (Ploetz and Pegg, 1997 ). Pierce's disease of grapevine, caused by the pathogen Xylella fastidiosa Wells et al., represents an emerging disease that threatens worldwide grape production because nearly all European, American, and French-American hybrid grape genotypes are extremely susceptible (Hopkins and Purcell, 2002) . In the United States, the genetic uniformity of corn hybrids resulted in major susceptibility to southern corn leaf blight disease [Bipolaris maydis (Nisikado & Miyake) Shoemaker] that decreased corn production in the southern United States by 25% (Tatum, 1971) . Fortunately, germplasm collections provided scientists the necessary genetic resources to identify and transfer resistance against such catastrophic outbreaks into improved cultivars and hybrids.
Although plant explorations date to many centuries ago, recorded history of extensive collecting and maintaining plant genetic resources can be traced to several early plant explorers. Several prominent, but not all inclusive, early plant explorers include Carl Linnaeus, Charles Darwin, and Joseph Banks. The British in particular, under the leadership of Sir Joseph Banks, performed many collecting expeditions across the world and began preserving them at the Royal Botanic Gardens at Kew near London in the 18th century (Damania, 2008) . More recently, Frank Meyer and Nikolai Vavilov represent two well-known plant explorers with major impact in the fi eld of genetic resource conservation. Descriptions of Meyer and Vavilov, in addition to a comprehensive review of plant genetic resources, are summarized by Damania (2008) . Briefl y, in the early 1900s, the U.S. Offi ce of Foreign Seed and Plant Introductions sent Frank Meyer to East Asia to collect plant genetic resources with relevance to the United States. Nikolai Vavilov also began collecting plant genetic resources in the early 20th century and coordinated eff orts to store and maintain these collections at the All-Union Institute of Plant Industry at St. Petersburg, Russia. The fi rst U.S. repository of crop seeds was established at Ames, IA, in 1947, and the fi rst, long-term national storage facility was established at Fort Collins, CO, in 1958 . By the 1970s, the Consultative Group on International Agricultural Research (CGIAR) formed International Agricultural Research Centers in 45 diploid (A-G and K genomes, 2n = 2x = 26) and fi ve tetraploid species (AD genome, 2n = 4x = 52) that belong to the Malvaceae (Brubaker et al., 1999; Fryxell, 1992) . These species have been classifi ed into primary, secondary, and tertiary germplasm pools (Stewart, 1994) on the basis of the relative genetic accessibility and utility of species to crop improvement eff orts (Harlan and de Wet, 1971 ). Currently there are fi ve species assigned to the primary germplasm pool, 20 species assigned to the secondary germplasm pool, and 25 species assigned to the tertiary germplasm pool. The fi ve allotetraploid species (AD genome) of the primary Gossypium germplasm pool had a monophyletic origin about 1 to 2 million years ago from a polyploidy event resulting from an unusual hybridization between an invasive A-genome diploid species of Old World and a D-genome New World indigenous diploid species (Wendel and Cronn, 2002; Paterson et al., 2004) . Two of the allotetraploid species, G. hirsutum L. (the source of Upland cotton) and G. barbadense L. (the source of Pima, Sea Island, or Egyptian cotton), were independently domesticated about 4000 yr ago (Wendel et al., 1995; Dillehay et al., 2007) . The other three AD tetraploid cotton species have not been domesticated and are distributed widely: G. mustelinum Miers ex Watt, primarily in northeast Brazil (Wendel et al., 1994; Barroso et al., 2009) ; G. darwinii Watt endemic to the Galapagos Islands ; and G. tomentosum Nuttall ex Seemann endemic to the Hawaiian Islands (Dejoode and Wendel, 1992; Hawkins et al., 2005) . These species are considered as true wild species (Westengen et al., 2005) . Today the two cultivated tetraploid species, G. hirsutum and G. barbadense, account for the majority of world production. The most widely grown species worldwide (>90% of the total area) is G. hirsutum because of its high yield potential and broad adaptation.
The center of origin for G. hirsutum is considered to be in Mexico, but diverse forms are spread throughout Central America and the Caribbean. According to archaeobotanical fi ndings, G. hirsutum probably was domesticated originally within the southern end of the Mesoamerican gene pool (Wendel et al., 1995; Brubaker et al., 1999) . It has been suggested that southern Mexico-Guatemala and the Caribbean are the two primary centers of genetic diversity within G. hirsutum (Brubaker et al., 1999) , with the Mexico-Guatemala gene pool considered as the site of original domestication and primary center of diversity. Within this range, G. hirsutum exhibits diverse types of morphological forms, including wild, primitive to domesticated accessions. Hutchinson et al. (1947) classifi ed the diverse morphological forms of G. hirsutum into seven geographical races, including (i) latifolium, (ii) punctatum, (iii) marie-galante, (iv) morrilli, (v) palmeri, (vi) yucatanense, and (vii) richmondi.
Gossypium barbadense is distributed geographically in South America, southern Mesoamerica, and the Caribbean basin (Fryxell, 1976) . Investigations of the species' diversity developing countries and began eff orts to collect and conserve plant genetic resources for the world's most important food and feed crops. Hence, over the course of the 21st century, organized eff orts were placed into action with the task of collecting, maintaining, and distributing the genetic resources of many plant species.
The cultivated Gossypium spp. (cotton) represents the single most important, natural fi ber crop in the world. On a worldwide basis, the value of cotton during 2005 to 2007 ranged from US$27-29 billion (National Cotton Council, Memphis, TN). This average worldwide value of cotton was equivalent to ~20% of the total 2007 gross domestic product of the Philippines (US$144 billion; World Bank). In addition to its fi ber, the oil and protein portion of the cottonseed also represents signifi cant economic value and oil and protein are used in a variety of ways, including animal feed and industrial lubricants. To protect the worldwide economic value of cotton and cotton byproducts, coordinated eff orts to collect and maintain cotton genetic resources have increased over the last 100 yr. The earliest known collection of cotton was established by J. P. B. von Rohr in the late 18th century under a commission from the Danish King. He maintained a garden of cottons from the Caribbean and South America at St. Croix in the Danish West Indies (now the Virgin Islands) (von Rohr, 1791 (von Rohr, -1793 . In the mid-19th century, the Italian botanists Parlatore and Todaro assembled a collection of cotton (Todaro, 1877) . The fi rst major contributor to genetic resource accumulation and disbursement was the former Empire Cotton Growing Company, chartered by Britain to grow cotton in areas settled outside the United States (Hutchinson et al., 1947) . Although the collection and introduction of cotton into the United States has a long and interesting history, the origins of the organized, modern U.S. germplasm collection can be traced to collection eff orts made in the early 20th century in response to a crisis similar to that which occurred in the potato, corn, and banana industries. The USDA, in response to the devastation to the U.S. cotton industry caused by the boll weevil (Anthomonus grandis Boheman), conducted several collecting trips to Central America and northern South America in attempts to fi nd resistant germplasm (Percival et al., 1999) . As a result, eff orts were made to develop earlier maturing cultivars to avoid the devastating eff ects of the boll weevil (Smith et al., 1999) . During this same time interval, the USDA also made organized eff orts to introduce extra long staple G. barbadense L. cottons to create a cotton industry in the arid Southwest. Cotton has been a crucial export for the United States, but other nations have a long history of production and have seen the necessity of collecting germplasm and maintaining it to protect the genetic stability of their industries. Today at least eight nations already have major collections of cultivated and wild-collected cotton and Gossypium germplasm.
The genetic resources of cotton are extensive, dispersed globally across fi ve continents, and consist of approximately indicates that its center of diversity, and apparent center of origin, resides in Peru and Ecuador, from which it diff used to eastern South America, the Caribbean, and fi nally to Central America . Gossypium barbadense provides about 9% of world cotton production, and was originally cultivated in the coastal islands and lowlands of the United States, where it became known as Sea Island cotton. Sea Island cottons and likely other forms of G. barbadense were then introduced into the Nile Valley of Egypt to produce long-staple fi ne fi bers and known as Egyptian cotton (Abdalla et al., 2001 ) and further developed in regions of the southwestern United States to become 'Pima' Cotton.
Since domestication, evidence indicates that human selection has caused considerable changes in cotton, which include an annual plant habit, photoperiod insensitivity, early fl owering, larger boll size, yield, and fi ber qualities ranging from greater fi ber strength, fi neness, and length (Chaudhary et al., 2009 ). Some of these selection activities, such as selection for photoperiod insensitivity, may have caused genetic bottlenecks in cultivated cotton and all have been accompanied by losses in genetic diversity. The diversity of commercial cotton cultivars and advanced germplasm lines has been studied using numerous methods. Although pedigree-based methods such as coeffi cient of ancestry suggested low amounts of genetic uniformity (May et al., 1995; , modern DNA-based genetic diversity methods consistently suggest a high degree of genetic uniformity within cultivated G. hirsutum (Gutierrez et al., 2002) . Because modern DNAbased genetic diversity methodology is considered more precise and provides greater coverage of the genome, the molecular fi ndings of low genetic diversity have renewed concern about genetic uniformity and vulnerability in the cotton community (Van Becelaere et al., 2005) . A recent report by Wallace et al. (2009) provides a discussion of anticipated genetic vulnerability associated with increased genetic uniformity. Two specifi c and current global threats highlighted by Wallace et al. (2009) For example, all current U.S. cotton cultivars are susceptible to both global threats. The rate of change in cotton yield has also been declining steadily through out the world since the early 1980s. For example, in 1998 the average U.S. cotton yield reached an alarming rate of decline of about 16.8 kg −1 ha −1 yr −1 (3.3% annual rate). In addition, the year-to-year variability in U.S. cotton yield was almost four times greater in the period from 1980 to 1998 than in 1960 to 1979 (Paterson et al., 2004) . Currently, U.S. Upland cotton breeding programs primarily rely on crossing of a few elite lines of closely related genotypes with high yield and superior fi ber qualities and reselection of the existing cultivars . The overexploitation of fewer cultivars on larger areas both by plant breeders and farmers is a primary contributor to the genetic erosion of the cotton germplasm base. As a consequence, the narrow genetic diversity available into the primary gene pool caused stagnant yield, declining fi ber quality, and increasing genetic vulnerability to biotic and abiotic stresses (Gingle et al., 2006) .
Countering the genetic paucity in commercial cotton is a remarkable morphological and physiological diversity existing among the noncultivated Gossypium species of all germplasm pools. Reacting to diverse ecological and environmental conditions of the tropical and subtropical regions in the world, these species exhibit a broad range of adaptation, ranging from fi re-adapted, herbaceous perennial diploid species in northwest Australia to small trees dropping their leaves to escape the dry season in southwest Mexico (Percival et al., 1999) . Therefore, the wild cotton species of the secondary and tertiary germplasm pools represent a tremendous genetic repository for improving cotton productivity. Within the primary germplasm pool, the variability available from three wild species has been poorly characterized and barely tapped. Although plant introduction and germplasm collection have played a major role in the history of cotton improvement (McCarty and Percy, 2001) , the potential for improvement using genetic resources within germplasm collections has not been fully realized.
Recently, the International Cotton Genome Initiative (ICGI; http://icgi.tamu.edu/ [verifi ed 27 Mar. 2010]), an organization with >500 members from major cottongrowing countries, established a "Germplasm and Genetic Stocks Work Group" to address the major concerns associated with cotton genetic vulnerability and the crucial roles of germplasm and genetic stocks faced by the world cotton community (Brubaker et al., 2000) . At the most recent international ICGI conference in Anyang, China, opportunities and challenges of cotton germplasm collections were presented and discussed (Percy, 2008) . Following this discussion, we initiated a consolidated eff ort among the cotton germplasm collection centers of major cotton-growing countries to describe the status of the principal cotton germplasm collections in the world. Our goal is to provide the cotton community a useful document describing the status, methods, and policies of the worldwide cotton germplasm collections in germplasm collection centers of the major cotton-growing countries. This information will be an invaluable resource to document the status of cotton germplasm collections worldwide and highlight cotton germplasm concerns to ensure the future supply for sustainable cotton production.
CURRENT WORLD COLLECTIONS
The focus of this report will be on the dedicated germplasm collections present in Australia, Brazil, China, France, India, Russia, United States, and Uzbekistan. Although there are a few other cotton germplasm collections present in other countries of the world, these eight countries represent the majority of the world's cotton germplasm resources. Each country has a germplasm storage and conservation program in place. In the following sections, each of the eight germplasm collections will be described in more detail. We provide information in the following sections for each germplasm collection center regarding: (i) members of the collection, (ii) maintenance and storage procedures, (iii) seed request and disbursement, (iv) funding apparatus and staffi ng, (v) characterization methodology, (vi) data management, and (vii) past and present explorations. The contents and distribution of cotton germplasm accessions across the eight collections are summarized in Tables 1 and 2 . Table 1 provides a summary of the primary cultivated tetraploid species (G. hirsutum and G. barbadense), while Table  2 provides a summary of wild accessions existing in the primary, secondary, and tertiary gene pools across collections. Figure 1 shows a partial array of Gossypium fl ower diversity present in the global germplasm collections.
Australia
Cultivated cotton was fi rst introduced to Australia in the late 18th century but was only a small opportunity crop until irrigation schemes in the 1960s led to a rapid increase in area and production. Cotton reached a peak of production in 1999 with 535,000 ha, producing >3 million bales at a yield of 2000 kg ha −1 . Sustained drought since then has reduced the area to 157,400 ha in 2008, with New South Wales producing 74% of the crop and Queensland 26%. Almost all local textile manufacturing capacity has closed, so all raw cotton is exported. Drought and regulatory reactions to climate change in reducing irrigation allocations highlight the need for useful genetic diversity to address water use effi ciency and drought-tolerance objectives.
Australia has a unique combination of heavy clay soil, and numerous pests and diseases, as well as climate factors which impact cotton production. A local breeding program has selected for adaptation to local conditions, with strong progress in yield due to breeding of 1.8% yr −1 (Constable et al., 2001) . Before 1980, Australian plant breeders acquired and maintained their own germplasm collections. However, the Commonwealth and State governments established a network of eight genetic resource centers to conserve national germplasm collections of fi eld crops and forages in the early 1980s. Over the past 15 yr, these centers have worked independently with limited coordination between host organizations primarily responsible for operating the centers and maintaining the germplasm collections. The postentry plant quarantine services were made available free of charge by the Australian Quarantine and Inspection Service until 1995 when operation of postentry plant quarantine facilities was transferred to the states, and each genetic resource center was responsible for operating its own quarantine facility.
Currently, cotton collections in Australia reside in two places: (i) the Commonwealth Scientifi c and Industrial Research Organisation (CSIRO Plant Industry), Narrabri, NSW; and (ii) Australian Tropical Grains Germplasm Centre (ATGGC; http://www.dpi.qld.gov.au/auspgris, [verifi ed 27 Mar. 2010]), Biloela, QLD. The CSIRO cotton collection is maintained by one full-time staff and seasonal temporary staff , while the ATGGC collection (of which cotton is one crop) is maintained by three full-time staff and seasonal temporary staff . The CSIRO collection is funded through dedicated programs provided by CSIRO. The ATGGC collection is currently only funded to maintain germplasm accessions under long-term storage. At present, no funding is available to regenerate accessions of the ATGGC collection.
CSIRO Collection
There have been germplasm explorations by CSIRO for native Australian diploid cottons (Craven et al., 1994) , but this activity ceased 10 yr ago. The collection has grown through time (the breeding program only began in 1972), with requests or exchange of seed with other breeders and collections to gather material with variability in growth habit, fi ber quality, and disease resistance in particular. The collection currently consists of 542 G. hirsutum accessions, 63 G. barbadense accessions, and 30 race and wild diploid species. The collection is maintained at 7°C and 50% relative humidity. Two backup collections are also maintained and consist of 10 g of seed of each accession at an additional cool room at CSIRO and another research institute nearby. Each seed lot is renewed every 10 yr or less. CSIRO has an internal database to record seed source and characterization data that is not publicly available. This database is also used to track incoming and outgoing seed. CSIRO policy is to support genuine exchange of material with breeders. The protocol is by direct contact and discussion; exchange of a Material Transfer Agreement is necessary.
There are numerous examples of germplasm utilization in Australia to face production vulnerabilities and develop new cultivars. Multiadversity resistance germplasm lines from the U.S. cotton collection were crossed to Australian accessions to develop bacterial blight [Xanthomonas campestris pv. malvacearum (Smith) Dye] resistance. Currently, all cultivars grown in Australia are resistant to bacterial blight. In addition, germplasm accessions from India and China have been crossed to Australian accessions to develop Fusarium wilt-resistant cultivars.
ATGGC Collection
Staff at the ATGGC have actively collected wild relatives of tropical crop and forages from northern Australia since 1994. To date, eight collecting missions have been undertaken over 12 yr, which have collected a large number of Australian native Gossypium collections. The ATGGC collection consists of 1080 accessions covering 28 Gossypium species. Ninety percent of the ATGGC collection comprises G. hirsutum accessions and the remainder consists of the other four tetraploid species and additional diploid species originating from 22 diff erent countries.
All germplasm collections at ATGGC are maintained under long-term conditions where germplasm are preserved as seed that is dried to 6% moisture content in a dehumidifi ed room operating at 15°C and 15% relative humidity. Once the seed is dry, it is sealed in laminated aluminum bags and stored at −20°C. Under these conditions, seed of most crop species will remain viable for >50 yr. In the past, when funding was available, all ATGGC accessions were routinely monitored for germination every 10 yr and regenerated if germination fell below a predetermined level (specifi c to genus and species). Seed was regenerated either in the fi eld in a suitable location, or in the glasshouse with controlled pollination (where required) and appropriate seed harvest techniques.
Germplasm was extensively characterized in the past, but no current characterization work is being undertaken. Previously, plant and seed morphologies were characterized. The ATGGC maintains an in-house seed management database that manages germplasm passport, collection, characterization, inventory, seed health, germplasm regeneration, and seed distribution data. The passport, characterization, and collection data are freely available via the Australian Plant Genetic Resources Information System Web site (AusPGRIS; http://www.dpi.qld.gov.au/auspgris [verifi ed 27 Mar. 2010]). The AusPGRIS Web server is managed by Department of Employment, Economic Development and Innovation, Queensland, Australia. Small quantities (20-30 seeds per accession) of germplasm and the associated passport data are freely available to researchers worldwide through the AusPGRIS Web site. A current national review of Plant Genetic Resource Centres in Australia will see the replacement of the AusPGRIS Web site with GRIN-Global, the newly developed germplasm management database as the public access website for cotton germplasm; however, this will not be in place until late 2010. The national restructure of the Australian Plant Genetic Resource Centres will not interfere with the public access or maintenance of the cotton germplasm collections.
Brazil
Cotton is a traditional and important crop in Brazil. According to the World Bank, from 2005 to 2007, Brazil produced between 4.7 and 7.4 million bales of cotton. During the last century, cotton was cultivated in two primary regions, including the semiarid northeastern states where perennial forms of G. hirsutum race 'marie-galante' were grown and the more humid states in the southeast where Upland cotton was grown. At the end of the 1980s, economical and social changes occurring concomitantly with the introduction of the boll weevil, rendered nonviable cotton production in these areas. At the same time, agriculture in Brazil was expanding toward the Cerrado region (Brazilian savanna) and cotton was tested as one of the alternatives to develop crop rotation systems associated with soybean [Glycine max (L.) Merr.] production. Climate and crop production system diff erences compared with that of previous cotton-growing regions made it necessary to develop cultivars specifi c to the Cerrado, with higher yield potential and enhanced levels of disease resistance. To reach this goal, national public and private breeding programs made use of imported and local germplasm. As a result, the cultivated area expanded in 2007 and 2008, where cotton was planted on approximately 1 million ha, with an average lint yield slightly superior to 1.5 tons ha −1
. The level of resistance to some of the most important diseases is still below the necessary, and germplasm screening eff orts are being made to identify new sources of resistance. 
Tertiary gene pool
The Brazilian collection is maintained by the Brazilian Agricultural Research Corporation (Embrapa) at the National Center for Genetic Resources and Biotechnology. In 1974, the same year when CGIAR created the International Plant Genetic Resources Institute (IPGRI), Embrapa in Brazil created a research unit called the National Center for Genetic Resources and Bioetchnology (Cenargen) with the basic mission to coordinate the appropriate means of management of the genetic resources of the country. The base collection (Colbase) of cotton germplasm collection is housed at Embrapa Cenargen. The Brazilian collection at Embrapa is funded internally with resources appropriated by the Ministry of Agriculture, Livestock and Food Supply. The long-term maintenance of the collection is supported with Embrapa public resources. Three research geneticists are actively involved with germplasm collection and maintenance. In addition, several professionals, including three phytopathologists, two entomologists, one plant physiologist, one plant breeder, two nematologists, and one seed technologist, also support the evaluation process of cotton germplasm.
In Brazil, there are about 4361 cotton germplasm accessions, of which 39% are G. hirsutum and 35% G. barbadense. The remaining accessions represent 26 diploid species and the other three tetraploid species. Brazil maintains at Embrapa Cotton 53 accessions of in vivo collections of G. mustelinum Miers ex Watt and 63 accessions of G. hirsutum race 'marie-galante' (mocó cotton), a racestock from Brazil. New accessions are entered into the collection after passing phytosanitary examinations.
In Brazil, there are fi ve available storage chambers with a current capacity to hold 250,000 accessions operating at −20°C and 5 ± 2% of water content for long-term seed storage. However, this facility provides storage for the genetic resources of an array of crops other than cotton. Seed germination is evaluated when accessions are incorporated to the collection and viability tests are conducted after every 10 yr. If germination is <85% or the accession is represented by a few seeds, seed multiplication and regeneration is performed in gene bank (BAG-centers) where active collection germplasm are stored (http:// www.fao.org/AG/AGp/agps/pgrfa/pdf/brazil.pdf [verifi ed 28 Mar. 2010]).
Until 2006 cotton germplasm was evaluated according to agronomical, morphological, and fi ber traits using a protocol adapted from the International Union for the Protection of New Varieties of Plants (UPOV). As of 2007, evaluations for resistance to drought stress, fungi, and bacterial and nematode diseases are also performed. The evaluations are performed at semiarid and savannah conditions in Brazil. The germplasm information is maintained in two databases named Sibrargen and Albrana. Albrana was created through a project funded by the Brazilian Ministry of Environment and contains a portion of the data collected during recent expeditions since 2002. These data include information about geographic, environment, in situ maintenance conditions, and some morphological traits. These data are freely accessible at https:// www.cnpa.embrapa.br/albrana/ (verifi ed 28 Mar. 2010).
Over time, the Brazilian germplasm collection has grown through numerous germplasm exploration expeditions. Many explorations for cotton were performed by the Instituto Agronômico de Campinas during the 1960s. Gossypium mustelinum was rediscovered as native to Brazil and G. barbadense was collected from the savanna, coastal, and semiarid regions during these expeditions (Neves et al., 
1965, 1968). The Instituto
of G. mustelinum were found and several new accessions of G. barbandense and G. hirsutum race 'mariegalante' (mocó cotton) were collected during this expedition (Pickersgill et al., 1975 
China
China is the largest producer and consumer of cotton in the world. According to the World Bank, from 2005 to 2007, China produced 28.4 to 37 million bales of cotton and consumed 45 to 51.5 million bales in the country's domestic textile mill industry. On average, cotton is produced on ~5.6 million ha in China within three predominant growing areas, including Xinjiang, the Yellow River, and the Changjiang River. Similar to India, China's adoption of Bt hybrids and cultivars have resulted in marked yield increases in recent years.
The Chinese cotton germplasm collection is housed by the Chinese Academy of Agricultural Sciences in Beijing, Anyang, and Hainan Island. A working collection is housed at Anyang, a long-term collection at Beijing, and an in vivo collection of wild species at Hainan Island. Funding for maintenance of the collections is provided through the Chinese government through the National Key Technology Research and Development Program, the National Key Basic Research and Development Program, the National Science Foundation of China, the Ministry of Science and Technology, and the Ministry of Agriculture. There are fi ve full-time staff members assigned to the maintenance and conservation of the germplasm collection. The total collection consists of 8868 accessions that represent cultivated species (G. arboreum L., G. herbaceum L., G. hirsutum, G. barbadense) and 41 wild species.
Seven thousand two-hundred twenty-one accessions are preserved long term in Beijing at −18°C and 57% relative humidity. The collection in Anyang, considered the working collection, contains 8344 accessions and is maintained at 0°C and 50% relative humidity. The Hainan Island storage site maintains an in vivo collection of 391 wild species and G. hirsutum racestock accessions in a garden under natural fi eld conditions. Over time, the Chinese collection has increased through international germplasm exchange and exploration. Past germplasm explorations have covered much of southern China (Hainan Island, Guangxi, and Guangzhou) and the mountainous areas of Yunnan and west Sichuan provinces primarily for G. arboreum. Gossypium hirsutum racestock germplasm has also been collected from southern Mexico. Seed of germplasm accessions in the working collection are renewed according to individual accession germination rates using forced self-pollination. When germination rates fall <65%, accessions are increased and renewed.
Germplasm accessions are evaluated by fi eld investigation according to the established and published Descriptors and Data Standards for Cotton Germplasm based on IPGRI description standards. Agronomic, fi ber quality, seed quality, stress resistance, disease resistance, and insect resistance data are collected for each accession. The Chinese Crop Germplasm Information System (CGRIS) serves as a central repository for all germplasm accession characterization and evaluation information for China and is freely available (http://icgr.caas.net.cn/cgrisintroduction.html [verifi ed 28 Mar. 2010] ). Cotton germplasm evaluation and characterization data are fi rst stored on an offl ine, internal database and then periodically deposited into the CGRIS online database.
Offi cial germplasm seed requests within China are made to the Cotton Research Institute of the Chinese Academy of Agricultural Sciences. A Material Transfer Agreement is required to distribute seed of requested germplasm. Seed requests from outside of China require a complex procedure for approval.
France
The French cotton germplasm collection is housed by the French Centre de Coopération Internationale en Recherche Agronomique pour le Développement (CIRAD) in Montpellier, France. The CIRAD is a French publicly supported agency that specializes in tropical and Mediterranean agriculture under the authority of the Ministry of Higher Education and Research and the Ministry of Foreign and European Aff airs. Although cotton is not domestically produced in France, CIRAD actively conducts research and maintains a cotton collection because cotton is produced in tropical and subtropical areas of the world. The French cotton germplasm collection, better known as the CIRAD Cotton Germplasm Collection, is funded by CIRAD and the primary germplasm collection site in Montpellier is supported by two full-time, salaried employees. One additional full-time employee is supported abroad. Dessauw and Hau (2006) provide an excellent description of the history of the CIRAD collection. Briefl y, the collection contains 3070 accessions representing fi ve tetraploid species and 27 diploid species. The accessions are organized according to species, geographical and ancestral origin. The cultivated species are separated according to whether they are cultivated or ancestral forms. Long-term and working subsets of the entire collection are preserved in Montpellier. Longterm seed storage is performed under −18°C conditions, whereas a working collection is maintained at 4°C and 40% relative humidity.
The CIRAD Cotton Germplasm Collection has evolved and grown over time through Bioversity International (FAO)-sponsored germplasm explorations covering Central America, South America, and parts of Africa. Germplasm has also been placed into the CIRAD collection through exchanges with other countries, or collections donated by partners, including the Royal Botanic Gardens, Kew (United Kingdom) and the Université des Sciences agronomiques de Gembloux (Belgium). Additional germplasm explorations, not funded by Bioversity International, have also contributed to the current CIRAD collection. However, no additional germplasm explorations are planned for the near future.
Seed supplies of accessions are renewed every 12 to 15 yr using forced self-pollination in nurseries grown in tropical or subtropical regions outside of Europe. Cultivated accessions are renewed every 12 yr and wild species every 15 yr. In a given year, 250 accessions are systematically renewed to spread the seed production. Wild species that prove diffi cult to grow are renewed under greenhouse conditions in Montpellier.
The cultivated germplasm accessions are characterized during seed renewal outside of Europe according to guidelines established by CIRAD. Data include management parameters, material identifi ers (passport data), qualitative characteristics (resistance to biotic or abiotic stress), and numerous criteria concerning quantitative traits. These data include 33 morphological parameters and 31 seed, fi ber, and yarn parameters. Cultivars are also evaluated for yield and earliness. While evaluating the accessions of the cultivated species, permanent controls are simultaneously evaluated for G. hirsutum (cv. Deltapine 61), G. arboreum, G. herbaceum, and G. barbadense (cv. Giza 75). Wild species and landraces are evaluated for four additional characteristics, including the number of teeth on the bract, pistil division, stamen arrangement, and style position. All data collected on germplasm accessions are housed in an agency-maintained database. There are numerous examples of CIRAD germplasm utilization in tropical countries of the world. Upland cotton cultivars grown in Côte d'Ivoire and Togo were developed using CIRAD trispecies hybrids (G. hirsutum × G. arboreum × G. raimondii Ulbrich; e.g., cv. L299-10) and from crosses involving CIRAD accessions with accessions from the United States, Asia, and Africa (cv. ISA 205 and cv. STAM F). In addition, cultivars grown in Paraguay and Argentina (cv. Reba B50, cv. Reba P279, and cv. Gringo) were developed from crosses using CIRAD accessions. Seeds of germplasm accessions acquired as part of the Bioversity Internationalfunded explorations are freely available on request and agreeing to a Material Transfer Agreement with CIRAD. Seed accessibility for cultivars is managed according to the UPOV regulations. Obsolete cultivars in the public domain are freely available on agreeing to a Material Transfer Agreement with CIRAD. Protected cultivars jointly developed with CIRAD are available through specifi c agreements. Protected cultivars that are not jointly developed with CIRAD are not available.
India
In India, cotton is a major agricultural commodity and a large part of the Indian economy. According to the World Bank, India is the second largest producer and consumer of cotton. From 2005 to 2007, India produced 19 to 25 million bales of cotton, while consuming 16.7 to 18.3 million bales in the domestic textile mill industry. On average, cotton is produced on 9.8 million ha and represents all four cultivated species (G. hirsutum, G. barbadense, G. arboreum, and G. herbaceum) . India represents the only cottonproducing country that cultivates all four cultivated species of cotton. In total, cotton production contributes to 30% of the Indian Agricultural Gross Domestic Product and accounts for 30% of all export earnings. Over a 6-yr period from 2002 to 2008, cotton productivity has doubled from 15 million to 31 million bales, with an annual average lint yield of 553 kg ha −1 . The increase in productivity is mainly attributed to the introduction of >200 Bt-cotton hybrids as well as some new conventional hybrids.
The Indian cotton germplasm collection is maintained as a working collection by the Central Institute for Cotton Research (CICR) at Nagpur and Coimbatore and as a permanent storage collection at the National Bureau for Plant Genetic Resources (NBPGR) in New Dehli. Funding for the CICR and the NBPGR is provided by the Indian Council for Agricultural Research that is an autonomous organization of the Indian Ministry of Agriculture's Department of Agricultural Research and Education. In total, there are eight scientists, eight technical staff , and four supporting staff positions assigned to the cotton germplasm collection at CICR and NBPGR. The total collection consists of 10,227 accessions that represent almost entirely cultivated accessions of G. hirsutum, G. barbadense, G. arboreum, and G. herbaceum. In addition, the collection also consists of racestock accessions of each cultivated species, 26 wild species, and 32 synthetic introgressed derivatives.
Long-term storage of cultivated species are housed at the NBPGR in New Dehli and maintained at −40°C. A working collection of all cultivated accessions, excluding the G. barbadense accessions, is stored at Nagpur and maintained at 4°C. The G. barbadense accessions are stored at Coimbatore and maintained at 4°C. Wild species and racestock working collections are exclusively stored at Nagpur in vivo under natural fi eld conditions. Seed of germplasm accessions are renewed by planned seed increases that include forced self-pollination.
Since 1960, the Indian collection has grown with the establishment of the Indian Central Cotton Committee, the All India Coordinated Cotton Improvement Project, and the Central Institute for Cotton Research. In 1976, the Central Institute for Cotton Research was established with a mandate to function as National Centre for Cotton Genetic Resources collection, documentation, and utilization. Regular collection expeditions were organized by the National Germplasm Centre in collaboration with the NBPGR in various parts of the country. In recent years, plant explorations have covered a large part of India, and several plant exploration trips are planned through 2010. These include exploration of Mizoram, Sundarban (West Bengal), Assam (Kamroop hills and Jayanti hills), Meghalaya (east Garo Hills), and Tripura. The collection has also grown through exchange with the United States, France, Uzbekistan, and Czechoslovakia. The FAO-organized germplasm expeditions also provide opportunities to expand the germplasm collection.
Evaluation and characterization of cultivated germplasm accessions are performed based on the cotton descriptors and index card developed by IPGRI and supplemental guidelines supplied by NBPGR. Types of evaluation and characterization of cultivated germplasm include morphological, taxonomical, yield, and yield-contributing characters, fi ber quality parameters, and reaction to biotic and abiotic stresses. Basic studies are also performed on the structural variation of gossypol and nectar glands, pollen grains, stigma receptivity, cytogenetic studies, and cross-compatibility among various species (wild and cultivated). Accessions of G. hirsutum and G. arboreum are evaluated in multilocation evaluation trials conducted at three locations within India (Sirsa, North zoneirrigated; Nagpur, Central zone-rainfed; and Coimbatore, South zone-irrigated). Accessions are evaluated for yield, boll weight, gin turnout, fi ber properties, and reaction to pests and diseases, and promising genotypes are distributed to breeders and researchers at various Cotton Research Stations and Government Institutions within India for research purposes only. Germplasm accession data are housed locally by the NBPGR and data are freely available only to Indian government organizations.
Offi cial germplasm seed requests are made through NBPGR and a special application form is required to procure exotic germplasm. The NBPGR then determines if a Material Transfer Agreement is already available with the requesting country and makes the necessary correspondence. The seed material is subsequently distributed through NBPGR and Central Institute for Cotton Research on the basis of the request.
Russia
Before the dissolution of the Union of Soviet Socialist Republics (USSR) in 1991, Russia was a primary center of cotton textile manufacturing for the cotton grown in Central Asia. Although over the course of history cotton has not been produced in Russia, the former USSR continues to represent a major worldwide source of cotton production and export. Following the establishment of independent republics, the former USSR cotton-producing countries of Central Asia, including Uzbekistan, Turkmenistan, Kazakhstan, Tajikistan, and Azerbaijan, have continued producing and exporting large amounts of cotton. According to the World Bank, from 2005 to 2007, these countries produced a combined 8.0 to 8.2 million bales of cotton. In addition, raw cotton exports combined across these countries over the same 3-yr period ranged from 6.4 to 7.1 million bales.
In the former USSR, cotton germplasm resources were fi rst collected, organized, and maintained by Nikolai Vavilov in the early 20th century. By 1924, coordinated eff orts were established to store and maintain these collections at the All-Union Institute of Applied Botany and New Crops at Leningrad, Russia, retaining its structural autonomy within the State Institute of Experimental Agronomy (SIEA). In 1930, the department of Applied Botany and New Crops and the department of Plant Breeding at SIEA were merged to form the All-Union Institute of Plant Industry. This institute is now named the N.I. Vavilov Institute of Plant Industry (VIR) and consists of 9 plant genetic resources departments, 13 fundamental research laboratories, and 12 experiment stations in diff erent geographic zones of Russia, with the responsibility to maintain 320,000 accessions of 155 botanical families and 2532 species of 425 genera that include cotton.
The current Russian cotton germplasm collection, better known as the VIR collection, is housed at VIR in St. Petersburg and consists of 6322 accessions comprised of 24 diploid species, 3 tetraploid species, and several diploid and tetraploid hybrids. Cultivated types include accessions of G. arboreum, G. herbaceum, G. hirsutum, and G. barbadense. Seventy percent of the VIR collection is represented by G. hirsutum cultivars, landraces, and germplasm lines. Somewhat unique to Russia, the VIR cotton collection contains approximately 100 colored fi ber accessions of all cultivated species from several diff erent countries. The accessions produce cream-colored, golden, orange, reddish, brown, dark brown, and green fi ber. The most interesting genotypes are wild perennial forms of G. barbadense from Peru that possess a whole spectrum of colored fi bers, including pink and lilac colored.
The VIR collection is maintained under short-term conditions at 4°C and 6% relative humidity, while longer term conditions are −10°C and 3.5% relative humidity. Seed renewals of cultivated Gossypium species are systematically performed under forced self-pollination at dryland and irrigated fi eld conditions at two agricultural experiment stations that include the VIR Astrakhan Experiment Station (irrigated) in Astrakhan and the Stavropol Agricultural Institute (dryland) in Budyonnovsk. Seed of wild Gossypium species and G. barbadense accessions are replenished under greenhouse conditions. Three full-time scientists and four technical support employees are funded through support from the VIR and are responsible for maintaining and preserving the VIR cotton collection. Technical support of the cotton collection consists of one scientist and one technical support employee located at the VIR main preservation center, one scientist and two technical support employees located at the VIR Astrakhan Experiment Station, and one scientist and one technical support employee located at the Stavropol Agricultural Institute.
Passport data are available for the majority of accessions in the VIR collection. A subset of more recently added accessions also include morphological and agronomic trait data such as plant height, number of sympodial nodes, boll number, boll weight, gin turnout, fi ber length, and seed mass. A very select number of cultivated accessions contain high-volume instrument fi ber data. A locally accessible computer database is used to store accession data collected since the dissolution of the USSR. Data before the dissolution of the USSR are maintained by written records.
Primarily through the eff orts initiated by Nikolai Vavilov, the offi cial registration of cotton germplasm accessions began in 1922, but several accessions were collected before 1916. By 1941, the VIR cotton collection consisted of >3000 germplasm accessions and represented G. hirsutum, G. barbadense, G. herbaceum, and G. arboreum species. Over its history, the VIR collection has grown through germplasm collection and exchange involving primarily the United States, India, and China. Many accessions originated from the republics of the former USSR. In addition to the eff orts of Nikolai Vavilov, N. Lemeshev also collected many local cotton accessions and other cultivated and wild accessions native to Mexico, Brazil, Peru, Costa Rica, the United States, and Australia. The development of early-maturing cotton cultivars has been a goal for Central Asian and European countries, and the VIR collection has provided many accessions originating from Bulgaria, Greece, Yugoslavia, Romania, Albania, and other European countries to provide adaptation to northern climatic zones. Over its history, many of these VIR accessions have been utilized to develop new cultivars with improved fi ber quality and early maturity with adaptation to the south of Russia. These cultivars include POSS-1, POSS-2, AS-IV, AS-V, AS-VI, AS-VII, Yugtex-1, Yugtex-2, Goliot, and others. Gossypium hirsutum race 'punctatum' accessions from Mexico have also been used to develop early-maturing cultivars with improved fi ber quality. The VIR collection also contains a number of early-maturing dwarf G. barbadense accessions.
Seed of germplasm accessions is freely available to researchers within Russia. Request made by researchers outside of Russia can be made through a written request to the Director of the N.I. Vavilov Institute of Plant Industry. Seed is available on VIR Director approval.
United States
The United States is a major producer of cotton and historically has ranked as one of the top three producers of cotton worldwide. According to the World Bank and USDA-NASS, from 2005 to 2007, 19.2 to 23.9 million bales of cotton were produced in the United States, with an estimated value ranging from US$5.8 to 6.7 billion. Cotton is produced in 17 states across the southern United States from Virginia to California. Two species of cotton are grown in the United States, G. hirsutum and G. barbadense, with G. hirsutum comprising >98% across the production belt and G. barbadense confi ned to production areas in the arid Southwest, primarily in the states of Texas, New Mexico, Arizona, and California, with California having the majority of the area. Cotton cultivation is synonymous with the early economic development of the United States. The expansion of cotton cultivation into new geographic areas and the onset of destructive pests such as the boll weevil stimulated cotton breeding and germplasm research. The importance of cotton germplasm research was recognized at the government, industry, and university levels.
The USDA opened the Plant Introduction Offi ce in 1898 and sponsored plant exploration and germplasm research. United States-sponsored cotton germplasm explorations date back to the early 1900s (Percival and Kohel, 1990; USDA-ARS, 1977) . Since 1985, 12 acquisition trips have been made by U.S. scientists to collect germplasm. Ten of the trips were used for in situ explorations, while two trips were used to collect germplasm held ex situ by other countries. Two trips were conducted to exchange germplasm with India, China, Russia, and Uzbekistan, respectively (Wallace et al., 2009) . The most recent exploration trip was conducted in the western states of Mexico (Ulloa et al., 2006) . Accordingly, Plant Introduction centers were established with the Agricultural Marketing Act of 1946 and a National Seed Storage Laboratory (now the National Center for Genetic Resources and Preservation [NCGRP]) was established in 1958 for long-term backup storage of germplasm. Cotton breeders and scientists from university and state experiment stations also assembled cotton germplasm collections. Collaborative U.S. regional projects involving scientists and members from all aspects of the U.S. cotton industry coordinated cotton research programs spanning cytology, genetics, breeding, fi ber quality, and production research. The fi rst Regional Research Project was S-1 in 1950 (succeeded by many, e.g., S-77, S-304, and recently SDC-317) and it established a priority of acquiring and studying diverse germplasm for cotton improvement (USDA, 1956) . A key outcome of this collaborative, regional project led to the establishment of extensive cotton germplasm collections at three sites: Phoenix, AZ (G. barbadense); Stoneville, MS (G. hirsutum cultivars); and Texas A&M University, College Station (species, landraces, and genetic stocks) (Percival, 1987) .
In 1960, these collections were deposited at NCGRP with their passport data to form the basis of the U.S. cotton germplasm collection as it exists today. Descriptor data evolved over time with each collection, but the IPGRI established a set of cotton descriptors in 1980 to serve as a data collection guide for data collection for the U.S. and other collections (IBPGR Secretariat, 1985) . The U.S. cotton germplasm collection has continued to grow over time through publicly donated cultivars and germplasm lines, germplasm exchange with other countries, and/or germplasm exploration. The National Plant Germplasm System (NPGS) represented these activities in cotton and other major crops and was formally recognized by USDA-ARS, which committed recurring federal funds for continued plant exploration, formal exchanges with other collections, curatorial activities of the collection, and seed storage facilities for crop germplasm.
Currently, nearly 10,000 accessions covering 45 Gossypium species are maintained in the National Collection of Gossypium. Germplasm are distributed worldwide and the collection is subdivided into seven diff erent parts: (i) variety collection, (ii) primitive landrace collection, (iii) G. barbadense collection, (iv) Asiatic (A-genome species) collection, (v) wild species collection, (vi) genetic marker collection, and (vii) a base collection (i.e., NCGRP) of all materials in Parts 1 to 6 and new plant introductions (Percival et al., 1999) . Parts 1 to 5 constitute the "working collection," which is routinely seed propagated and distributed by the USDA-ARS at College Station, TX. The working collection is maintained at 4.5°C and 23% relative humidity. Part 7 is housed at the NCGRP in Fort Collins, CO, under conditions more favorable for longterm storage (−18°C) and serves as a reserve and backup for the working collection.
Seed supplies of the working collection are primarily replenished and increased at the Tecoman Winter Nursery (Tecoman, Colima, Mexico) that is administered and operated jointly with the National Cotton Council through a Specifi c Cooperative Agreement with the USDA-ARS. A small portion of seed supplies are increased at College Station. All seed increased in Tecoman or College Station under fi eld conditions undergo forced self-pollination. Some wild species accessions that prove diffi cult to manage under fi eld conditions (e.g., highly exerted stigmas or perennial growth habits) are grown in greenhouses. Each year, approximately 10% of the working collection (i.e., approximately 1000 accessions) seed stocks are regenerated; thus, each accession is replenished every 10 yr.
Germplasm accessions are characterized following the 1980 descriptor sets of the IPGRI and recommendations of the Cotton Crop Germplasm Committee, which also formulates regular status reports of the cotton collection and crop vulnerability status (Wallace et al., 2009) . Data formally collected for each accession are stored in the national Germplasm Resources Information Network (GRIN) database and are freely accessible to anyone via the Internet at http://www.ars-grin.gov/ (verifi ed 28 Mar. 2010).
The diverse germplasm present in the U.S. collection has been critical for cotton breeding research focused on cultivar and germplasm development, as well as basic genetic, physiology, and production studies. A few examples of contributions that the collection has made to cotton improvement eff orts follow. The landrace and diploid species were found to possess useful genetic diversity (Dilday and Shaver, 1976; Kohel, 1978; Fryxell, 1976) , but most are photoperiodic and require conservation in situ or special care in greenhouses or winter nurseries. Germplasm accessions present in the U.S. collection were also used to develop trispecies hybrids that allowed breeders to transfer increased fi ber-strength genes from the D-genome diploid species G. thurberi Todaro to Upland cotton (Beasley, 1942) . Several breeding programs, including the Pee Dee and New Mexico Acala, utilized these materials to develop cultivars and germplasm lines with increased fi ber strength ). In addition, recently, G. longicalyx J. B. Hutchinson & Lee, a wild, diploid species, was used to transfer reniform nematode resistance into Upland cotton (Robinson et al., 2007) . This utilization of wild germplasm provides breeders a real opportunity to develop new cultivars with reniform nematode resistance and environmental adaptation.
The NPGS mandates that anyone with a bona fi de interest in cotton and an import permit (where required) can request seeds from the USDA-ARS collection through GRIN. The current collection is not under Material Transfer Agreements and is in high demand abroad and worldwide. Yearly distributions amount to >2000 accessions in nearly 100 or more orders. Long-term, dedicated support from the USDA-ARS allows for stable maintenance of the collection, continued germplasm exploration/exchanges, and expansion of germplasm processing and storage facilities as needed.
Uzbekistan
In Uzbekistan, cotton is a primary economic resource, producing and exporting cotton fi ber valued at approximately US$0.9 to 1.2 billion. According to the World Bank, from 2005 to 2007, an average of 5.5 million bales were produced on a yearly basis. In addition, the Uzbek cotton crop is produced primarily for the export market and represented 22% of all Uzbek exports from 2001 to 2003.
Cotton germplasm collections in Uzbekistan currently reside in three locations: the Cotton Breeding Institute of Agriculture Ministry of Uzbekistan, the Institute of Genetics and Plant Experimental Biology at the Academy of Sciences of Uzbekistan, and the National University of Uzbekistan at Tashkent. Considering all three locations, 50 personnel are assigned to maintaining the Uzbekistan cotton germplasm collections. These three-location cotton germplasm collections are funded by the Ministry of Agriculture, Academy of Sciences of Uzbekistan, and Committee for Coordination of Science and Technology Development under the Cabinet Ministry of Uzbekistan. Additionally, there are small international research grants (e.g., research grants funded within the framework of USDA-Uzbekistan cooperation programs) to facilitate cotton germplasm analysis at the molecular level (Abdurakhmonov et al., 2008a (Abdurakhmonov et al., , 2008b .
In total, there are >20,000 cotton germplasm accessions available in Uzbekistan including isogenic, inbred lines, recombinant inbred lines (RIL), elite AD allotetraploid varieties (G. hirsutum and G. barbadense), monosomic and translocation lines (A. Abdullaev, personal communication, 2009; Abdukarimov et al., 2003) , along with wild, primitive, and extant representatives of the A-to-G-and K-genome species. The majority of G. hirsutum wild and cultivar accessions (~12,000) are preserved at the Cotton Breeding Institute of Agriculture Ministry of Uzbekistan (Ibragimov et al., 2008) . Approximately 7500 cotton accessions are preserved within the Institute of Genetics and Plant Experimental Biology at the Academy of Sciences of Uzbekistan and represent more than 40 A-to-G-and K-genome wild Gossypium species (also vegetatively maintained at Germplasm Unit greenhouse). These accessions consist of ~4500 G. hirsutum accessions, 971 G. barbadense accessions, 857 G. herbaceum, and 547 G. arboreum accessions (Abdurakhmonov, 2007) , 200 photoperiod-converted mutants of photoperiodic allotetraploid species (Djaniqulov, 2002; Abdurakhmonov et al., 2007) , and a number of intra-and interspecifi c hybrids (Rizaeva, 1996; Abdurakhmonov, 2007) . Additionally, ~771 genetic stocks of G. hirsutum consisting of fi ber mutants, RIL populations, near-isogenic lines, and cytogenetic stocks are maintained at the National University of Uzbekistan at Tashkent (Musaev et al., 2000; Sanamyan and Rakhmatullina, 2003; Abdurakhmonov, 2007) .
In Uzbekistan, there is no facility available for cold storage of germplasm accessions. The collections are maintained under room-temperature conditions. Insuffi cient funds are available to construct a facility with long-term cold-storage capabilities. Consequently, there is a standard procedure for seed renewal every 8 to 10 yr under forced self-pollination in the fi eld. Accessions are evaluated in every seed renewal period, taking into account at least 56 morphological traits and fi ber quality data in Uzbekistan. No written guidelines were developed, but currently the Uzbekistan collection is adopting a policy to implement IPGRI cotton descriptor guidelines.
Molecular characterization of the germplasm collection has also been initiated using microsatellite DNA markers (Abdurakhmonov et al., 2008a (Abdurakhmonov et al., , 2008b . All data are stored as a hard-copy catalog book collected from the past 50 yr of evaluation. Collaborative eff orts are underway to develop a pcGRIN format database that currently stores all morphological and molecular data for 1000 G. hirsutum accessions (Abdurakhmonov et al., 2006 (Abdullaev et al., 2009 ). In Uzbekistan, there are numerous examples of germplasm utilization to face production vulnerabilities and develop new cultivars. Landrace germplasm accessions of G. hirsutum have been used to develop adapted cultivars with Fusarium wilt resistance and salt tolerance (Abdukarimov et al., 2003; Abdurakhmonov, 2007; Ibragimov et al., 2008) . In addition, wild D-genome cotton accessions were used to develop a naturally early leaf defoliating Upland line through introgression of the trait of interest from wild D-genome diploid cotton species (Rizaeva, 1996; Rizaeva et al., 2001; Abdurakhmonov et al., 2005) .
Within the country, any germplasm resource deposited to any of three germplasm collections is openly available for cotton breeders and distributed by bilateral agreements and registration policies. The germplasm curator is responsible for seed sharing and distribution within the country. A Material Transfer Agreement and proper phytosanitary certifi cate are required to distribute seed of requested germplasm between countries with the restriction of "research purposes only." No germplasm is sent under agreement of "commercial use" or to any private company. A request with proper "research purpose only" justifi cation should be sent to germplasm curators, and on agreement and review of the National Coordinator of Plant Genetic Resources of Uzbekistan, the Ministry of Agriculture of Uzbekistan approves an exchange of the material under Material Transfer Agreement. In the past, Uzbekistan has exchanged cotton germplasm resources with USDA-ARS within the framework of aforementioned cooperative research grants between the USDA and Uzbekistan (Abdurakhmonov, 2007; Abdurakhmonov et al., 2008a Abdurakhmonov et al., , 2008b .
CONCERNS AND FUTURE PROSPECTS OF THE GLOBAL COTTON GERMPLASM RESOURCES
Germplasm collections currently face many challenges and opportunities in all primary activities of acquisition, conservation, characterization, and documentation of the germplasm resources they contain. In past years, collections have been successful in expanding their resources through acquisition-either by collecting in native habitat or through exchange eff orts. Despite these successes, this report highlights some gaps and defi ciencies in our global resources. Several species are not currently conserved within the germplasm collections described in this report. In addition, there are numerous underrepresented species that consist of very few accessions. Table 2 highlights the species that are not represented or are underrepresented. Species that are not conserved include the E-genome species G. benadirense Mattei, G. bricchettii (Ulbrich) Vollesen, G. vollesenii Fryxell, and the K-genome species G. anapoides Stewart, Wendel & Craven. In particular, the majority of K-genome species are represented by fewer than fi ve accessions, while G. barbosanum Phillips & Clement (B 3 ) and G. schwendimanii Fryxell & S. Koch (D 11 ) are also underrepresented. Correcting these deficiencies in collections has become increasingly more diffi cult. Species are being threatened by habitat loss, due primarily to conversion of wildlands to agricultural use (Rubenstein et al., 2005) . Landrace or dooryard cottons, another source of genetic variation, have frequently been grown in subsistence or basic economies. The adoption of a modern cotton industry has often led to their abandonment in favor of improved cultivars (Singh et al., 2003) . Habitat loss and potential species loss are lending an urgency to collecting eff orts that has not previously existed. The recent germplasm exploration trip to western Mexico described by Ulloa et al. (2006) describes the alarming eff ects of habitat loss. In that report, they highlighted the increased vulnerability of Mexican G. hirsutum landrace accessions to possible extinction. The new urgency for collection is occurring at a time when funding constraints, international treaties, national material transfer agreements, and other political and legal impediments have increased the complexity and diffi culty of collecting. One partial solution to these problems may be collaborative multinational collecting eff orts that include host countries. These collecting eff orts could be modeled on past CIRAD-USDA-ARS cooperative eff orts (Schwendiman et al., 1986) .
Another method of germplasm acquisition that has been widely used has been collection-to-collection germplasm exchanges. As with collecting in native habitat, this acquisition technique has become more complex. Germplasm exchange among diff erent countries has become a more sensitive issue as the potential economic impact of germplasm has become more widely recognized. Although past exchange eff orts have been successful in broadening the variability of participating germplasm collections, more strategic eff orts may be needed in the future to fi ll specifi c gaps in collections and create duplicative backups of critical germplasm. International germplasm exchanges provide additional germplasm security when germplasm accessions are maintained at multiple sites across the world.
Challenges faced in germplasm conservation and regeneration are primarily economic in nature. The specialized facilities required for long-term preservation of germplasm face increasing energy and maintenance costs. In developing countries, the costs of developing infrastructure for germplasm preservation also are increasing. Regeneration of germplasm in collections creates challenges due to the photoperiodic nature of much of the genus. The tropical nurseries required for seed regeneration create attendant costs related to maintaining these nurseries and travel, as well as creating the regulatory complexity of international transport. Long-term fi nancial support will be necessary to preserve germplasm resources while addressing rising energy costs, infrastructure development costs, and costs associated with tropical nurseries. Limiting or controlling the number of accessions in collections is being considered as a strategy for husbanding fi nancial resources. However, this strategy may seriously confl ict with the objective of conserving the genetic variability of the collections. One solution may be for the global community to create and maintain a common core collection of germplasm accessions that captures most of the Gossypium genetic variability, in addition to collection of specifi c genetic outliers, in duplicate at diff erent collection centers. A serious drawback to this idea is the current inadequate characterization of the genetic variation present within the genus. There may be more immediate opportunities for resource sharing, such as shared tropical nurseries for regeneration.
One strategy for germplasm conservation, perhaps of limited applicability, is in situ preservation. Few examples of the implementation of active in situ preservation eff orts currently exist for cotton. One successful example is an eff ort to protect native colonies of the species G. mustelinum in Brazil (Barroso et al., 2006 . Another example of an eff ort in progress is that of the Mexican government to preserve native Mexican Gossypium accessions in a working garden nursery (Ulloa et al., 2006) . A major drawback to this approach is that in many instances wild species exist in areas that are being actively developed for commercial production of cotton. In these situations, wild species historically have been viewed as hosts for insect and disease pests, and in some instances, they have been actively eradicated.
Characterization and evaluation of germplasm collections is perhaps the greatest challenge facing collections. Tables 1 and 2 clearly demonstrate the vast germplasm resources present across the eight major cotton germplasm collections of this report. However, simply summing the total number of accessions across the eight collections does not provide a representation of the diversity across these collections. All major collections have instituted characterization of their holdings utilizing phenotypic descriptors. However, in many instances descriptors are botanical or taxonomic in nature and do not include agronomic traits of interest to breeders and improvement eff orts. Collecting agronomic trait data through germplasm evaluation often requires replicated testing across years and environments and is beyond the resources of individual collection curators. Thus, an opportunity exists among and between collections, with the assistance of cotton breeders and geneticists of their respective countries, to implement planned coordinated evaluation eff orts.
In addition to agronomic germplasm evaluations, emerging DNA marker technologies provide powerful characterization tools for collections. Current characterization eff orts utilizing molecular markers, while informative, have been fragmentary and unsystematic and therefore their results cannot be readily combined to provide a comprehensive view of the diversity represented in collections. Using a common set of core DNA markers, as proposed by ICGI, would allow for accurate measures of genetic diversity within and among global cotton germplasm collections and assist in the selection of a core set of germplasm accessions representing most of the genetic variability. A common framework marker set would also provide an anchor source of reference for accessions and gene mining at different germplasm centers. Application of a common set of framework markers also off ers the ability to detect redundancy within and among collections at the global level. The use of molecular markers could also contribute to the creation of core germplasm collections. The concept of developing core germplasm collections was introduced by Brown (1989) and has been implemented in a number of other important crop plants including peanut (Arachis hypogaea L.) (Holbrook et al., 1993) and rice (Oryza sativa L.) (Yan et al., 2007) . Core collection strategies should decrease costs associated with germplasm conservation over time. In addition to decreased germplasm conservation costs over time, the development of a global core germplasm collection could also provide a tool to standardize agronomic and end-use performance data. The core collection or a smaller subset of the core collection could be included in all germplasm accession evaluation trials conducted across collections and countries to provide a globally useful data set. The combination of molecular and agronomic data collected on core germplasm collection(s) will provide cotton geneticists and breeders vast opportunities to mine the cotton genome for important genetic loci using powerful genomics technologies of 21st century (Gupta et al., 2005; Abdurakhmonov and Abdukarimov, 2008; Zeng et al., 2009 ).
Finally, current and future germplasm characterization data should be stored using databases that are both easily available and synergistically connected. Database uniformity, accessibility, and connectivity are critical to effi ciently use the germplasm resources available across the world. Several impediments to creation of such an integrated system presently exist and include unrecognized redundancy in collections due to nonuniform nomenclature for accessions, nonuniform data collection across collections, and lack of uniformity or synonymy in descriptors, to name a few. Addressing these concerns is compulsory to ensure the longterm security and availability of the global cotton germplasm resources. It is important to develop an international network to promote the dissemination of germplasm resource data. An improved germplasm database or linkage of existing databases that incorporates morphological, fi eld performance, and molecular data will help to associate specifi c markers and alleles with traits of interest. Generating new molecular data within and among our global germplasm collections also off ers the opportunity to develop uniform data collection standards and guidelines that include descriptor, agronomic, and molecular data types.
Currently the USDA-ARS is engaged in a project, GRIN-Global, to create a global plant genetic resource information management system. This collaborative eff ort with the Global Crop Diversity Trust and Bioversity International has as its goal the creation of a sustainable, rational, effi cient, and eff ective global network of gene banks to permanently safeguard plant genetic resources and encourage the use of genetic resources by researchers, breeders, and farmer-producers. Participating germplasm resource collections of the ICGI are following the eff orts of GRIN-Global with great interest and hope to benefi t from this collaborative eff ort.
In summary, this report provides a brief description of the major cotton germplasm collections present in the world today. Simply summing the total number of accessions held across the collections provides evidence for the wealth of germplasm resources available to cotton scientists around the globe. However, this document also identifi es the numerous challenges and opportunities facing future acquisition, conservation, characterization, and documentation eff orts of the global cotton germplasm collections. Among concerns communicated by germplasm collection centers are (i) long-term fi nancial support for germplasm conservation and storage infrastructure improvements, (ii) future germplasm exploration and international exchange, (iii) data collection guidelines and uniformity, and (iv) database storage and accessibility.
This report emphasizes the importance of international collaboration to protect, secure, and evaluate the global cotton germplasm resources. Without global, collaborative eff orts to collect, protect, and secure cotton germplasm, the rarest and most unique cotton germplasm resources are vulnerable to extinction. Multinational collaboration is essential because the international research and germplasm conservation centers that are part of the CGIAR do not actively maintain and preserve cotton germplasm resources. Hence, coordination and collaboration among the cotton germplasm collections mentioned in this report are vital to the global cotton community. Recently, a collaborative research project between U.S. and Uzbek scientists provided an opportunity to exchange >900 cotton germplasm accessions and to develop a germplasm passport database system in Uzbekistan that is based on molecular and phenotypic data, including agronomic and end-use traits (Abdurakhmonov et al., 2008a (Abdurakhmonov et al., , 2008b .
Overall, this report serves as a unique starting point for the global cotton community to build strong, multinational collaborations. The collaborative eff ort of scientists representing the countries and institutions mentioned in this report is a powerful example of benefi ting the global cotton community by eff ectively applying the core principles outlined by the ICGI: to facilitate (i) global communication, collaboration, and education; (ii) knowledge and resource integration; (iii) technology and resource development; and (iv) coordinated research planning.
